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Qb Contact
: Dashed where approximately located or indefinite
s Beach deposits U 2 2
i § Grayish-pink fine- to medium-grained calcite and aragonite sand; con- D F;ult ’
tains no quartz or heavy-mineral grains; locally includes rubble from . G .
raised-reef deposits and beach rock. Beach rock localities shown by Queried where doubtful. U, upthrown side; D, downthrown side
? . thick lines parallel to shore. Thickness ranges from 0 to at least 3m .
I >- —r
Isla Monito ! < Strike and dip of beds
: z At Playa Sardinera probably chiefly crossbedding
>
| w
| Boulder deposits ~ . =kl .
| Boulders of Isla de Mona Dolomite perhaps 40 m long project from the g Appa.rent_ dip of b.edB where _a.ccurste strike
| sea on the northern periphery;other boulder deposits are chiefly rubble | 5 information unobtainable
N ' T I C O C E A N I J;‘:m the Lirio Limestone and include boulders as large as 50 m in long Queried where uncertain. Dot indicates point of observation
mension
1 \ 36000 N " he‘ i T
\ METERS 3 pparent horizonta
O\ ] Raised reef flat i
\ Fragmental grayish-orange-pink limestone chiefly composed of fossils Apparent dip of crossbeds
and fossil fragments; commonly case hardened, locally somewhat Dot indicates point of observation
]’. chalky. Thickness ranges from 0 to at least 3 m; locally may be as |
L thick as 10m I —— 10 —7?—7--~
( : Structure contour
s | Drawn on top of the Isla de Mona Dolomite; long dashed where approxi-
= | mately located; short dashed where reference plane projects above
J | ground surface; queried where doubtful. Contour interval 10 m, datum
§m Aluminous lateritic soil [ s mean sea level
.E Dark-reddish-brown clay and silt; quartz free; accidental large fragments
=2 include rootlets, wood fragments and snail shells; commonly friable, but A
L locally well cemented by calcite. Thickness ranges from 0 to about 1 m Low scarp on upland surface
Ticks on downslope side; clustered ticks where intermittently or poorly
\ UNCONFORMITY developed (Kaye, 1959, p. 150-151)
a A—>
Approximate location of cave
Entrance to cave is known or is believed to be in the cliff or escarpment
face directly in line with the leader. Letters refer to table 2
Lirio Limestone
Very pale orange to grayish-orange-pink fine-grained limestone, thick 40
and very thick bedded, locally crossbedded; commonly very well indu- Depth contour
! rated, perhaps as a result of surficial solution and reprecipitation; | s Based on soundings from U.S. Coast and Geodetic Survey Chart 901 and
locally chalky; cavernous, most notably in lower 10 m at the periphery | ¥ on an unpublished marine seismicdepth recorder line along the 67°50°
‘ of Isla de Mona. Maximum exposed thickness is about 40 m. Areal < meridian (L. E. Garrison, U.S. Geological Survey, written commun.,
—+ extent of cave system in the Lirio Limestone shown by pattern; dots } - 1969). Contour interval 10, 20, and 100 fathoms, dependent on density
— show principal entrances to caves. Roman numerals refer to table 1. 1 of bathymetric data; datum is mean sea level
§< Letter N in south center of island refers to table 2 F_J
i NAmAAASPA s IAIIIS
.' = POSSIBLE UNCONFORMITY Seaward edge of fringing reef
Approximates 2-fathom depth eontour
Isla de Mona Dolomite \ \ \ \ \
Very pale orange to moderate-orange-pink finely crystalline calcitic dolo- . i .
mite, thick and very thick bedded, locally crossbedded, well indurated. Orientation and linear extent
Zones of limestone about 5 m thick occur locally at the top and about of fore-reef grooves
15 m and 50 m stratigraphically below the upper contact. Base con- Only a few grooves are shown. Locally they are very numerous with
21307 } | cealed by the sea. Maximum exposed thickness is about 80 m ) © spacing as close as 5 m (Kaye, 1959, pl. 12)
_* -'I_ + gl 7'30"
T Cabo el Toro
(Cabo Norte)
\ .
Cabo Noroeste _A
e -0b0 : GENERAL COMMENTS Table 2. Other caves ) ‘
— \ A report by Kaye (1959) contains appreciable data and inter- Map X Stratigraphic P"°b';blez i
v pretations on the geology of Isla de Mona as well as a petro- ':f""e“ge Al i N“’:’ Dewt o 0:; )
graphic study of the cave phosphorites by Z. S. Altschuler. —— Cueva del Norte (North) — —— ——— L/M — — ——1,000-5,000
o . . s < P B — — Cueva de Frio (cold)— —— — — — — — M————— 1,000-5,000
\ We recommend that this report be read in conjunction with G~ Cosxs, del Basurero (garbegenas) —— L —— ——1,000-5,00
A the large-scale geologic map presented here. D — — Cueva Caigo o no Caigp —————— L/M — — — — 1,000-5,000
\ In the course of preparing the map, we traversed more than (“I fall or I don't fall”)
- Y J N 60 km on the surface of Isla de Mona, including a circuit of g e g‘*“ g:} %;m‘“: (lemon tree) — —— — E/ M) ——— 500'3'233
\ ¥ _ the island on foot and traverses to several points in the interior. - iendlngre P:r'i‘:;u g""ffe_):: e 2 o
Cabo Ba‘r_rionuqvgu /B In addition, cave surveys by tape and compass were about (the “Portuguese,” a pirate)
' de F 5 km in total length, and pace-and-compass and reconnaissance H — — Cueva de la Cucaracha (cockroach)—— L————— —— <500
SEvaics e cave traverses probably were twice as long. J —— Cueva el Gato (cat) —— — —— — —— L/M — — — —1,000-5,000
Traverses of the upland surface are made difficult by dense 5 el gﬁ;“‘(’lﬁ}l‘z‘ib"_“e_{ oo e
thorny brush. Those that we made indicated that the surface M — — Cueva del Toro (bull) —— i
is underlain by essentiallyhomogeneous Lirio Limestone ex- e Si':s:“ea ;:’ 120 loa Carests — L;i(){;): 5 0001600
cept in the Bajura de los Cerezos, where we found calcitic > Dogwood ofgh;m“ y troe ol : ;
- . dOlOmltB, here labelled Isla de Mona Dolomite. 8— — Cueva la Hondonada (lowland) — —— L/M(?)—— ——— <5008
Punta el Capitan Along the peripheral cliffs of Isla de Mona, exposures gen- s—— Cueva el Cabro (goat) — —— ———— L/M(?) — — 5,000-10,000 ¢
\ erally are good, except on the east and west coasts where 9—— Cueva de la Escalera (ladder) — ——— L/M
laterally continuous boulder deposits conceal the contact re- 9— — Cueva del Caballo (horse)— ————— L/M
. A . 9— — Cueva del Subido (rise)— — — — — —— L/M
lations of the two bedrock formations in many places. The 10 — — Cueva los Ingleses (Englishmen) — —— L/M
cliffs of the southern coast from the vicinity of Playa del Uvero 10 —— Cneva del Rabo de Juneo — — — — — — L/M
to Playa de Pajaros are chiefly in Lirio Li]mestone, with dis- . Cu(:v:aiﬁtgogi f&“}i&"fs )vine) -
continuous exposures of Isla de Mona Dolomite at the base. - . o I =
These exposures are interpreted as axial zones of gentle anti- o gﬂ::: 311 (l?da:‘yn:;iit:z(pmper . e
clines (sections A-A’"and B-B’). From northwest of Playa (city in western Puerto Rico)
del Uvero northwestward to Playa Sardinera the cliffs are 13 — — Cueva del Agua (water)
wholly Lirio Limestone, whereas north of the west coast == C“(eé': de ]“pf:,'i‘:::;’ Alemana
boulder deposits, the Isla de Mona Dolomite crops out be- i eV B8] Canaih (e nutim)
neath the Lirio in the cliffs and the limestone-dolomite contact 13— — Cueva del Este (east)
. rises northward to Cabo Barrionuevo where the Lirio is only 13— — Cueva de la Fé (faith) ,
a thin cap at the top of the cliff. From Cabo Barrionuevo T e
east to Cabo el Toro and south to the vicinity of PuntaEste, 13— — Cueva de las Gallinas (hens)
i T— this thin cap of Lirio Limestone is present almost continuously Y - g:eva %esc Café ((eoffee))
at the top of the cliffs; from the fault to Cabo el Toro the 13 — — Cueva Escrita (written Totals 18.500- 25060
e Lirio is continuous,with a thickness ranging from about 1 to ? 007225,
perhaps 10 m. Southwest of Punta Este the Isla de Mona
Dolomite again is concealed by boulder deposits, and it does 1 _
o not crop out at Playa de Péjaros. e e St b e
\ This generally excellent control around the periphery of the oK) it ot rmsandc Midniulaigus whe sk L . Mancions; Polics:af Fnerto
island, coupled with the sparse data from the interior and - ' , , B
aerial photographic interpretation have allowed the structural ey o Ay M Bty LN cont Ressnb Tt Rens Sleie: Tt
- interpretation shown by the structure contours on the map. % lrwmscilusiive a o -
\ Isla Monito was not visited by us. Its geology is interpreted il m‘;’:‘:‘b:';f}“:“;‘li.‘i‘l‘:?om:?‘;  isrorigmrrs system. A
\ from photographs, from binocular study from Isla de Mona, 4 Areas ed by polar planimetry of maps based on and-tape and and-
and from low-level air reconnaissance. The cavernous upper pess Scararens; Rewadetlemserset Sms.  Ballavaduconntle foithin simet 10 peroent
Q, unit of Isla Monito probably is the Lirio Limestone and the
e lower unit probably is the Isla de Mona Dolomite. The con- ¢ Areas NI I oItk ed caves of apparently gimilar characteristics,
\ tact between these units dips about 3° SW. This interpretation . i .
AN \ is in agreement with that of Kaye (1959, p. 147). Rl g gt 5 i e e
Punta Arenas b ficient to indicate that Mr. Gonzdlez may have used names for some of the caves that are
not commonly applied. Mr. Gonzilez could not be reached to date to clarify his report.
\ Qbo The report probably was written between 1920 and 1940. ;
e \ - ; : ' ; ; Rt e Hnts Este : CLIFFS IN THE ISLA DE MONA DOLOMITE . ' . ) "
Y < ‘\ ' : B e A | 5 The tl’)ea?se i W]}'lfi(f:h ;.he lgei)t;l:l)gslrl isﬂdrgw:hdole? né)t “E:‘t:“:“:xi:.i’iﬁ'iﬁgf:f,::?ﬁh?;:ﬁ‘:%‘;,,".:‘;::’;ﬁ::;:,‘:‘:;:..‘"?::’ g‘é‘;’;‘.’,‘:"fﬁ m°§
B o i ; s X accurately portray the cliffs developed chiefly in the Isla de e . o a1 A o e pwm
- Mona Dolomite. These cliffs from the vicinity of Punta Este okl gt s kel
= eyt oot o P, £ it o B
NN " ever may be a of one of west coast caves in table 1.
B For the purposes of this map, the geology of the cliffs of + Cave iaines; ipptied to:parts:of Coevi ik iw Phjarce: (table 1TV,
Isla de Mona has been adapted to the base map. Thus a thin s it R ————— ——
band of Isla de Mona Dolomite is shown along the coast from o Brslaly et e gl R S R e )
Punta Este northward and westward to the vicinity of Punta 11 Cave name probably used for all or a part of Cueva del Esqueleto (table 1, X).
El Capitan. If the base were more accurate in its depiction 12 Cave name probably used for all or a part of Cueva del Capitan (table 1, XI).
of the cliffs only sporadic outcrops of Isla de Mona Dolomite 14 Names of caves from which phosphorite was mined, but not otherwise identified (Wadsworth,
would be seen in p]an view. Phobog‘raphs of the cliffs are :ts:ﬁ::‘;lelimt of these names likely were applied to sections or large rooms in caves listed
included in the report by Kaye (1959).
CAVES ECONOMIC GEOLOGY
Isla de Mona is noted for its great numbers of caves, and i prosent m all the cayes that e vistion, TThe aestie o,
many believe that one can travel underground for great dis- tent of the phosphorite deposits are dealt with at length by
tances inland. The most frequently suggested lengthy under- d s .

" : ground connection is between the northern part of Cueva de Eaye anf Altschule_r (Kaye, 1969, p. 156-167). Original re-
los P4jaros system (table 1, cave IV) northward to Cuevas ief,"es 0 3phosphqr1_te probably were somewhat more than
del Cemrtro{Eia A Ramat d oth 1 1964 50,000 m3 , and mining between 1877 and 1924 removed most

; eI tl}‘1 (Luis ¢ 1lmr§z RHG OLRSIN, Ork b‘;"m‘;‘“m" )- of these original reserves (Wadsworth, 1954). We estimate

, “ - e?l?omugeﬁ 3'30 ‘:ﬁ‘c mapptlll:lg'ia U 5 2 ect?i:gg ::3 that fewer than 50,000 m3 of phosphorite remain, and this

§ th:tr?:: . poi:t co?:llld v?re ;;;;‘:te gamrtheder:ga:m = i:lan 3 phosphorite is so distributed that. it does not constitute an

A 4 m i

from the cliffs of the island. Moreover, we found that pas- ﬁmﬁm%ﬁﬁ%&?ﬁgﬁﬁn ¢ is essentially pure (Kaye

sages led off from the bottoms of sinkholes in the upland 1959, table 5), and is present in }arg quantitieg ’ The cogts;

_ surface only near the cliffs and along Camino los Cerezos of tr,ansporta,tion however maks extraction.af .Lirio ey

(table 2, cave N and footnote 7); at Cuevas del Centro there stone impractical ! ’

| is only one deep sinkhole, and no passages lead laterally from G M Te e 53
thisainkhole. In shart, sxtensive cave duvalopment sppenrs ; lDol?mztg. The Isla de Mona Dolomite is largely palcltlc

/ e . . ; : olomite with a very small content of noncarbonate minerals
to be limited to a zone on the island’s periphery. Earlier be- hi : i 2 )
! . chiefly sulfates; the quantities of dolomite probably present

' liefs probably result from a lack of surveying and from the 356 oaseiinlly liittlos. Eooatisi of ites 1d b

fact that straight-line movement in the caves is difficult, ditficnlt. for ghief St of cllg?o;)ni&u:ﬂnslthe :‘;“L‘;r se:
ar A ; . : !
ol %lhzmg the impression of greater penetration than actually is cliEts of sorthacn Tuls ds Moni.
B - <’Plays Erava case. . ; el . .
o Caves in the Isla de Mona Dolomite are few and are rela- 0]:; and gas W‘f‘bﬁ:t"ie';' dNI(\)d potential petlioleur(rlx reservoir
tively small. The chief locus of cave formation was in the rock e ixposed_m the Alnge I;ma quadxal:lg €, and no source
lower few meters of the Lirio Limestone adjacent to the cliffs, ¥°]° sd:re dn:}v;v ki q i ar:s,. 1 qwelv er, the structure of the
/ and the floors of these caves in this zone commonly are at the lsf ainl ;nM € B’ lep_n:; e atwiy impermeable blanket
Qbo | Qb ~=—m—" Ca Lirio Limestone-Isla de Mona Dolomite contact. Cave systems ge B8 a8 . et °3e3ml ¢ t:l;lggest that oil or gas traps could
Punta Caigq 0 ho Caigo / surveyed in this zone are more than 400,000 m? in aggregate L NESSChE; PrOv d amh gls?urge rocks and permeable
; /] area (table 1). Caves also occur in zones higher in the Lirio, l;y S a.rf plLa edse?t at ﬁpt 1. Noindications of oil or gas have
D /b. but the total of their areas most probably is very small com- %’l};g; ]m}ks . ﬁg‘sts zz‘fcf‘i’::‘izyn 2fftrl;:l?l§2:e ﬂm I
ared to the areas of caves in the basal Lirio Limestone. o : : ARt
/ p lsly roof catchment at Playa Sardinera and Mona Island Light
tation to support the small and transient population, entirely
el government representatives on tours of duty, and occasional
Table 1. Caves investigated visitors. Shallow wells in the beach deposits and raised reef
../ Map Stratigraphic flat yjelded brackish water or water of marginal quality. In
/\ reference Name! positionz  Area (m2) 3,4 addition, a small perennial pool of water occurs in Cueva de
I——— Cu(et:: de las Lole;.as ——————— L/M ——— — 43,500 Lo: }:léjaros (table 1, cave IV), and a water seep was found in
; L DS Or snares L o ulder deposits below Cueva del Capitan (table 1, cave XI).
h C‘;eb‘;;;]e Lt;:‘}l:;ltf:n':e)_ oS R0 These latter features suggest that drilling in the upland sur-
24000 N 111 Cueva del Liripo —— — —————— L/M —— —— 97,000 face may encounter fresh water in synclinal zones where the
meTerRs o a2 N (lily)‘iel 4 - 5000 })elm(falilte Lm];) {.1mestone rests on relatively impermeable
A eV 06108 LRATOR <= e = o sla de Mona Dolomite, or in a lens near sea level, such as
P _Cughv“ad’d: o G s Bkt —— =L LM =500 occurs in carbonate islands elsewhere in the world (J. P. Akers,
18°02/30" o ) ‘ J X : : ormrar (Erickson’s house) written commun., 1964).
67°57'30" 18000 W METERS 1 55/ ! ! 52,-30”| f f 67"5%)’8 0230 VE— —Cu(eb:a d: la Playa Brav:f— ————— L/M— ————13,000
0 ach with heavy surf)
; , VII — — Cueva de Dofia Gefia arriba— — — — —L-L/M —— — —2
o5 mates uss e e : 5 - I e N "
P 0 3
coordinate system ticks shown in black 2 e . -—.——————————————— | ZE y MEOMEIERS ﬁfl‘l;l::. :I;;l::::: ct::e:;))per
g i i . L MiLe VIII——Cueva Negra (black) —— — ——— — L—————— 5,000 REFERENCES CITED
z . T . T EEE—————_————._ IX— — —Cueva del Diamante (diamond) —— — L/M 18,000 Kaye, C. A, 1959, Geology of Isla Mona, Puerto Rico, and notes
3 CERTEUE THTERA S METERS X —— —Cueva del Esqueleto— ————— — — L/M ———— 20,500 on age of Mona Passage: U.S. Geol. Survey Prof. Paper
DATUM IS MEAN SEA LEVEL i ———Cu(:::lgz?rgapitﬂ.n (captain) — — — — L/M—— — — —41,000 317-C, p. 141-178.
APPROXIMATE MEAN SHOWN REPRESENTS T OXIMATE LINE OF MEAN HIGH WATER XII—— Cueva de la Esperanza (hope)— — — —L/M— — — — — 5000 Wadsworth, F. H., 1954, Nuestra isla del tesoro (Isla de la
DECLINATION, 1972 SHORELINE SH HE APPROXIM L —e . 3 ARH
THE MEAN RANGE OF TIDE IS APPROXIMATELY 0.2 METER 1"43ee footnotes for table 2 Total 444,000 Moex): Dhepto. Insteoeceta Fablics, e 8,50, 24,005
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